Objective. To describe the association between echogenic amniotic fluid and first-trimester fetal acrania. Methods. Nine fetuses with acrania were examined between 11 weeks' and 13 weeks 6 days' menstrual age for the presence of echogenic free-floating particles in the amniotic fluid. Cases were classified into 3 types according to the echogenicity of the amniotic fluid: similar to (type 0), slightly greater than (type 1), and clearly more echogenic than (type 2) that of the extracelomic fluid. Results. In 1 pregnancy, no free-floating particles were identified (type 0). In 6 cases, small free-floating particles scattered within the amniotic cavity were identified, making the amniotic fluid slightly more echogenic than the extracelomic fluid (type 1). In the remaining 2 cases, the amniotic fluid was homogeneously and clearly more echogenic than the extracelomic fluid (type 2). Conclusions. A high percentage (89%) of fetuses with acrania had echogenic amniotic fluid, suggesting that this finding could potentially be used as a marker of fetal acrania in the first trimester. This finding also supports the hypothesis of the transition from acrania to anencephaly, with the unprotected brain undergoing progressive destruction from the first trimester, leading to the classic finding of anencephaly in the second trimester.
nencephaly, with a reported incidence of 1 per 1000 to 2000 deliveries, is one of the most common and severe malformations of the central nervous system. 1 Confident sonographic diagnosis of this condition can be accomplished easily in the second trimester by the demonstration of the absence of a cranial vault and brain tissue. 2 Prenatal diagnosis in the first trimester, however, is not always straightforward. Indeed, it can be particularly challenging because of the variable amount of brain tissue that may be present in first-trimester fetuses with this condition. 3, 4 Current evidence suggests that one of the main determinants of the development of anencephaly is failed mesenchymal migration, resulting in a lack of the critical primordium that forms the cranium. 5 In this circumstance, the unprotected brain tissue undergoes progressive destruction and degeneration due to mechanical and chemical trauma, leading to complete or almost complete disappearance of the brain from 14 weeks onward.
The progression of the disease from acrania to anencephaly, namely the acrania-anencephaly sequence, has been documented well by several authors using sonography. [6] [7] [8] In this report, we describe the detection of echogenic free-floating particles in the amniotic fluid as an indirect sonographic feature of the fetal acrania-anencephaly sequence in the first trimester. This observation further supports the underlying pathophysiologic mechanisms of the anomaly and can also assist in early prenatal diagnosis of this condition.
Materials and Methods
Women undergoing first-trimester scanning between 11 weeks' and 13 weeks 6 days' menstrual age had routine fetal nuchal translucency thickness measurements and anatomic surveys for major congenital malformations, according to the recommendations of the Fetal Medicine Foundation (London, England). 9 Focused examination of the cephalic pole to rule out fetal acrania was performed in all cases. Acrania was diagnosed when the absence of a cranial vault and poorly developed or disorganized brain tissue were identified. 9 All scans were initially performed transabdominally, but when a fetal anomaly was suspected, the transvaginal approach was also used to obtain a better view and to confirm the extent of the anomaly.
In addition, examination of the amniotic fluid for echogenic free-floating particles was undertaken in all cases. For this purpose, the gain was set to enhance the depiction of low-level echoes within the amniotic cavity, with the use of the echogenicity of the extracelomic fluid for comparison. Cases were then classified into 3 types according to the echogenicity of the amniotic fluid: type 0, the echogenicity of the amniotic fluid was similar to that of the extracelomic fluid; type 1, the echogenicity of the amniotic fluid was slightly greater than that of the extracelomic fluid; and type 2, the amniotic fluid was clearly more echogenic than the extracelomic fluid. Whenever possible, the diagnosis of the acrania-anencephaly sequence was confirmed by a secondtrimester scan or at the time of delivery.
Results
Nine consecutive fetuses with acrania diagnosed in the first trimester were reviewed. Two of these cases occurred in the same woman. Table 1 shows the relevant information for all 9 cases. The anomaly was diagnosed by the demonstration of the absence of a cranial vault in all cases. In addition, there was absence of cerebral tissue in 1 case, poorly developed brain in 2 cases, and disorganized brain tissue in the remaining 6 cases. Lateral widening of the cerebral hemispheres with a clear depiction of the interhemispheric fissure (the "Mickey Mouse" sign) 10 ,11 was identified in 3 cases. The diagnosis of acrania was confirmed further by three-dimensional sonography in 2 cases.
Echogenic free-floating particles in the amniotic fluid were detected in 8 fetuses. In 6 cases, small particles were seen within the amniotic cavity ( Fig. 1) , making the amniotic cavity slightly more echogenic than the extracelomic space (type 1). In the other 2 cases, the amniotic fluid was homogeneously and clearly more echogenic than the extracelomic fluid (type 2; Figs. 2 and 3). Chromosomal studies were performed in 3 fetuses, and all yielded normal fetal karyotypes.
Discussion
Anencephaly is a lethal anomaly thought to result from nonclosure of the anterior neuropore, which normally occurs at the beginning of the fourth week of development. 1 However, studies using transvaginal sonography have shown that, in these cases, a variable amount of brain tissue is invariably present in the first trimester, making the classification acrania (or exencephaly) more appropriate than anencephaly for describing the malformation at this gestational age. 8 Wellpreserved brain tissue is usually found until 10 weeks' gestation, and the diagnosis of acrania is rarely reported before this gestational age. 12 Closer contact of the fetus with the uterine wall usually starts from about 10 weeks, when substantial portions of the amnion are fused with the chorion. The fetal brain is then exposed to increasing mechanical trauma, resulting in progressive "rubbing off" of the brain tissue. Exfoliating neural tissue and blood in the amniotic cavity, therefore, can be identified on sonography as echogenic free-floating particles in the amniotic fluid.
The sequence of events leading to anencephaly has been supported by several lines of evidence. First, longitudinal observations on transvaginal sonography have strongly shown the temporal relationships between acrania and anencephaly. [6] [7] [8] Second, cytologic examinations of the amniotic fluid obtained by amniocentesis have confirmed the presence of neural cells in anencephalic fetuses in whom acrania was diagnosed originally in the first trimester. 8 Third, on the basis of the observation that the crown-rump length is smaller in fetuses with anencephaly than in healthy control fetuses, 4 it has been confirmed that the specific body segment that is decreased in size is the mentovertex diameter (crown-chin length), attributable to progressive destruction of the brain as pregnancy progresses. 13 Several authors have described the firsttrimester features of acrania in isolated case reports, the spectrum of the disease ranging from almost a normal amount of brain tissue with poorly mineralized calvaria to disorganized brain tissue covered by a thin membrane. 10, 12, 14 However, in a large first-trimester sonographic screening study at 10 to 14 weeks' gestation, the diagnosis of anencephaly was missed initially in 26% of cases. 4 During audit, it became evident that the main reason for missing the diagnosis was the fact that well-preserved brains were present in several cases (exencephaly), and only the lack of cranial ossification could provide a clue for the diagnosis. After training, the diagnosis was reached in all subsequent fetuses undergoing screening. 4 The feasibility of accurate diagnosis of acrania by targeted examination of the fetal brain at this gestational age was confirmed subsequently in several other screening studies.
11,15
Here we report an indirect sign, echogenic amniotic fluid, as a new sonographic feature of acrania in the first trimester. This was clearly identified in 2 of the 9 cases of acrania in our series and probably is a result of debris from neural tissue detached from the brain in combination with blood within the amniotic cavity. This further supports the hypothesis that a variable amount of brain tissue is destroyed progressively toward the end of the first trimester. In 6 of the remaining 7 cases, low-level echoes representing small particles in the amniotic fluid were also seen. Although this was not as evident as in the other 2 cases, the presence of multiple echogenic free-floating particles made the amniotic fluid more echogenic than the extracelomic fluid. This probably represents early exfoliation of neural tissue within the amniotic cavity. The most probable explanations for these differences include an earlier gestational age at diagnosis or a more rapid turnover of the amniotic fluid. Echogenic amniotic fluid has been identified occasionally during the third trimester in association with vernix and meconium. [16] [17] [18] In the second trimester, this sonographic finding was first associated with intra-amniotic bleeding. 19 However, a subsequent report described echogenic "debris" within the amniotic cavity between 14 and 16 weeks' gestation in 33 pregnancies, 32 of which were associated with anencephaly. 20 In another report, echogenic amniotic fluid also was identified in 2 fetuses with exencephaly at 12 and 18 weeks. 21 Subsequent amniocentesis in these cases revealed large amounts of red blood cells in the amniotic fluid, which were attributed to bleeding from the fetal brain into the amniotic fluid. Timor-Tritsch et al 8 also noted low-level, free-floating particles in 3 cases of exencephaly examined between 13 and 15 weeks. Our series supports the previously reported association of free-floating particles in the amniotic fluid and the acrania-anencephaly sequence.
In conclusion, increased echogenicity of amniotic fluid in the first trimester should be considered a warning sign for the acrania-anencephaly sequence. This further supports the hypothesis of progressive destruction of the brain as the causative factor of this condition, in which anencephaly is the end of a spectrum that appears in the first trimester as fetal acrania. Sonographers and clinicians should be aware of this indirect sign in fetuses with acrania because it could be important in the near future, given the increasing interest in incorporating nuchal translucency screening at 11 to 14 weeks' gestation into clinical practice.
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